STATUS OF THE UPGRADED VERSION OF THE NRL GAMBLE II PULSE POWER GENERATOR

J. R. Boller, J. K. Burton and J. D. Shipman, Jr.

Naval Research Laboratory

Washingtonr, D. C. 20375

Abstract

The GAMBLE II water dielectric pulse power gener-
ator, in 1970, was the forerunmer of the high
enargy (>50 kJ) class of water dielectric gener-
ators. It has been redesigned internally to make
maximum use of its original outer conductor shell
and to optimize it for the positive polarity mode
of operation for positive ion beam experimentation.
The new design also initiates the use of an oil
dielectric multi-channel switch at the output of
the pulse forming line. This switch, because of
its low capacitance, eliminates the need for an
extra prepulse switch. The upgraded version has
been tested up to power and energy levels which

are nearly twice the original.

The GAMBLE II pulse power gemerator, designed and
built at the U, S. Naval Research Laboratory in
1970 has been modified so that it is now deliver-
ing about 1% times its former power and energy.
It is hoped that as the physics experiments now
using the generator need more power; the output
can be gradually increased until it is up by a

factor of about 33.

The original generator is shown in Figure 1. It
consisted of a 215 kJ, 4 nF, Marx generator in a
tank of transformer oil that charged a 7 Q, 7 oF
water dielectric, coaxial, intermediate store;

which in turn charged a 6 Q, 6 nF water dielec-

tric coaxial pulse forming line. A single channel,

but multi-branching, water output switch self closed

near the peak voltage and sent a fast rising power

pulse into a 6 i, to 1.5 { coaxial transformer and

delivered 65 kJ into 2 matched load with 63 ns

FWHM. Peak power was about 1 TW.
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Fig. 1. GAMBLE II Pulse Power
Generator in its original form

Figure 2 shows the relatively few modifications
which were required to modify GAMBLE II into the
upgraded IIA version. The new compoments of the

generator are shown shaded.
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Fig. 2. GAMBLE IIA Pulse Power
Generator Schematic
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We found that by increasing only the height of the
0il tank by 6 ft., we could enclose Marx generator
components for 520 kJ stored in 13 nF. The expen~
sive stainless steel outer conductor of the water
dielectric part of GAMBLE II was left unchanged
with the exception that we use only the last half
of the original coaxial transformer since the
pulse forming line impedance has been reduced from
632 to 3G,

the original intermediate store inner conductor

The spheres and hemispheres from

with the o-ring grooves, etc., required for
sealing the connections through the polyurethane
diaphragms were used unchanged. The only new
part in the intermediate store is the relatively
inexpensive cylindrical aluminum section between

the end hemisphefes.

The impedance of the intermediate store is 6.7 (,

which is the optimum impedance for storing maximum
energy in either the negative or positive polarity
mode. Its capacitance is 16 nF including the

capacitance of its water output switch.

The pulse forming line impedance is 3.2 Q, which
is the optimum impedance for delivering maximum
power to the transformer in the positive polarity
mode. It is also a good choice for the negative
polarity mode. Its capacitance is 10.4 nF.

The GAMBLE IIA pulse generator has a pulse forming
line output switch that is unique in large water
dielectric systems. It uses transformer oil
instead of water as the medium in which the switch
streamers propagate. Since oil has a dielectric
constant about 1/36 that of water, the prepulse
fed through the output switch capacitance during
the charge of the pulse forming line is reduced
accordingly. The polyurethane diaphragms that
contain the switch oil provide support for the
output end of the pulse forming line and the input
and of the transformer. After each shot the oil
is circulated through a filter for about 15 minutes
to clear out the carbonized oil. The oil output
switch used until now has been a self closing
aulti-channel type with 6 or 12 enhanced field, 1

inch diameter electrodes on the positive side. It

results in a 10% to 90% current rise time in a

matched load of 35 to 45 ns with a prepulse of

less than 17%.

The present performance of the generator is sum-

marized in Figures 3 and 4.
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Fig. 3. Computed and measured power

into a near matched load on the
GAMBLE IIA Pulse Power Generator
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The right hand column of Figure 3 shows that the
measured peak power into a near matched non-
inductive load of 2 ohms was 1.78 TW, the FWHM of
the power pulse was 71 ns, and the 10% to 90% rise
time was 45 ns. The other two columns of Figure 3
show the computed results obtained by analyzing the
system with the NRL codes for potential plotting,
incremental capacitance calculating, and transient
The left

column shows the values computed with no time

analysis of transmission line systems.

dependent or fixed series resistance in either the
water or oil switches. The center column shows
the values computed when a fixed 2 {i series re~-
sistor was included in the intermediate store
output switch. It was found that this resistance
has to be added to make the computed and measured
values agree as indicated in Figures 3 and 4. The
right hand column of Figure 4 shows the measured
values of energy at various stages of the water
dielectric system. As in Figure 3 the left and
center colummns are the computed values with zero
and 2 i for the intermediate store switch resis-
tance., The loss of 68 kJ between the Marx gene-
rator and the intermediate store is mainly in the
10  distributed series resistance of the Marx
The loss of 57 kJ between

the intermediate store and the pulse forming line

generator circuitry.

is about half dissipated in the series resistance
of the water switch and half reflected back into
the intermediate store from the water switch. The
loss of 19 kJ between the pulse forming line and
the load ié mainly energy reflected by the induc-

tance of the oil output switch.

Figure 5 shows the measured shape of the current
pulse into the 2 {Q load. The peak current was
.94 MA with a FWHM of 93 ns. The 10%Z to 90% rise
time was 45 ns. On this shot the output switch
closed about 50 ns before peak charge. This results
in a greater total shot energy but a somewhat
longer rise time than a closure at peak charge.

The power and energy delivered to the load are
shown plotted below the current. The maximum power

was 1.78 TW with a FWHM of 71 ns and the energy
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Fig. 5.

Measured Current, Power and
Energy into a 2 Q noninductive
load

was 123 kJ. The efficiency from the Marx to the
load on this shot was 467 which is 53% higher than
the 30% efficiency of the original GAMBLE II
generator. The efficiency within the upgraded
water system between the intermediate store and
the matched load is 62%. These efficiencies are

very high for such gemerators.

The complete system can be operated at the Marx
generator level of 267 kJ for about 30 to 40 shots
before some maintenance is required. At this
level of operation the pulse forming line is
charged to 4.4 MV in 143 ns and the polyurethane
diaphragm on its output end is stressed to

271 kV/em.
Marx generator capacitors charged to 62.5 kV,
the total charge will be 520 kJ and the above

If we are able to operate with the

diaphragm stress would be 378 kV/cm. This stress
level on the oil switch diaphragm will probably

be the weak link (in regard to breakdown) in the
whole system.
this level would be 3.5 TW and 239 kJ.

levels will probably not be attainable in the

The output into a matched load at

These last

positive polarity mode (which is the only mode
of operation to this date). The maximum output

in this mode will probably be limited to about 2.6
TW and 180 kJ due to calculated water breakdown in

the intermediate store and the pulse forming line.



Our design goal in the upgrade was to get as much
power and energy out of the water dielectric
system as possible without increasing its outer
dimensions and we believe we will achieve this.
At least, we are certain that the GAMBLE II

generator has shed its conservative label.

The original GAMBLE II generator was funded by the
Defense Nuclear Agency. The upgrade was funded by
the Office of Naval Research and the capacitors
for the Marx generator were furnished by the

Sandia Laboratories.
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